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Health Institute, Department of Medicine and Diagnostics, Basel, SwitzerlandAbstractAlthough some studies suggested speciﬁc foods/beverages as risk
factors for travellers’ diarrhoea (TD), details of transmission
remain unclear. We assessed the inﬂuence of travel style (luxury/
middle-class versus backpacking) on TD risk. TD attack rates
were compared in a prospective study among travellers to India
at the University of Zurich’s Travel Clinic. Information on
consumption of foods/beverages was collected. Seventy-one
luxury/middle-class travellers and 21 backpackers completed the
study; overall 37% suffered from TD (62% backpackers, 30%
luxury/middle-class travellers, OR 4.43, p 0.022). Travel style
rather than the consumption of speciﬁc foods/beverages appears
to be a risk factor for TD development.
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p://dx.doi.org/10.1016/j.cmi.2015.03.005Introduction“Boil it, cook it, peel it, or forget it” is standard advice in pre-
travel consultations. Although this advice has been propagated
for at least 30 years the feasibility of such self-restriction is
difﬁcult [1,2]. Several retrospective studies found no association
between dietary precautions and a reduced risk of acquiring
travellers’ diarrhoea (TD) [1,3]. A review by Shlim identiﬁed an
association between TD and drinking “lassi” or eating reheated
food, but no association between TD and traditionally
mentioned risk factors such as tap water or ice cubes [1]. A
single prospective study found an increased TD risk with higher
numbers of dietary mistakes [4], but the response rate was
unsatisfactory. Currently, there is no clear evidence for a sig-
niﬁcant association between dietary precautions and TD. Two
studies demonstrated that not the choice of foods, but rather
the source of food (i.e. hotel selection) played a pivotal role for
developing TD [3,5].
To shed light on the source of pathogens resulting in TD we
carried out a prospective cohort study to compare TD attack
rates in tourists travelling to India staying in middle/high-class
hotels with rates in low-budget travellers/backpackers. We
assessed whether individual eating behaviours, food hygiene and
other practices had an inﬂuence on TD occurrence. India was
chosen because it is one of the countries with the highest TD
incidence [6].MethodsIndividuals seeking pre-travel advice at the Travel Clinic of the
Epidemiology, Biostatistics and Prevention Institute, University
of Zurich between October 2013 and April 2014 were invited
to participate in this prospective cohort study if they were 18
years of age and travelled to India for 30 days. The study was
approved by the Zurich Ethics Committee (KEK-ZH-Nr.2013-
0337).
Participants signed an informed consent and provided pre-
travel information on demographics, medical history and plan-
ned travel characteristics. During the trip, they completed a
daily questionnaire about consumed foods/beverages as well as
diarrhoea and vomiting episodes. Further information detailing
diarrhoea episodes and other travel-related behaviour was
collected within 1 week after their return.
A sample size of 148 travellers was calculated to demon-
strate a 25% higher risk of developing diarrhoea in low-budget
travellers compared with luxury/middle-class travellers (80%
power, 95% conﬁdence, 20% loss-to-follow-up). A previousious Diseases. Published by Elsevier Ltd. All rights reserved
TABLE 1. Demographics and risk factors according to travel style and according to traveller’s diarrhoea
All
(n [ 92)
Travel style Traveller’s diarrhoea
Backpacking
(n [ 21)
Luxury/middle-class
(n [ 71)
p-valuea
No TD
(n [ 58)
TD
(n [ 34)
Crude OR 95% CI p-valueb Adjusted ORc 95% CI p-valuebn % % % % %
Age (years) 18–40 45 48.9 71.4 42.3 0.049 44.8 55.9 1 1
41–60 31 33.7 14.3 39.4 39.7 23.5 0.48 0.18 1.29 0.28 0.71 0.23 2.17 0.62
>60 16 17.4 14.3 18.3 15.5 20.6 1.06 0.34 3.37 1.45 0.36 5.84
Female 42 45.7 47.6 45.1 0.84 43.1 50.0 1.32 0.56 3.09 0.52
Nationality Swiss 70 76.1 76.2 76.1 0.99 77.6 73.5 1
otherd 22 23.9 23.8 23.9 22.4 26.5 1.25 0.47 3.32 0.66
Country of birth Switzerland 59 64.1 66.7 63.4 0.73 62.1 67.6 1
othere 33 35.9 33.3 36.6 37.9 32.4 0.78 0.32 1.91 0.59
Pre-existing medical condition healthy 72 78.3 71.4 80.3 0.39 79.3 76.5 1
pre-existing diseasef 20 21.7 28.6 19.7 20.7 23.5 1.18 0.43 3.26 0.75
Regular medication yes 16 17.4 19.1 16.9 0.76 15.5 20.6 1.41 0.47 4.21 0.54
Allergies yes 30 32.6 38.1 31.0 0.54 29.3 38.2 1.49 0.61 3.65 0.38
Trip duration (days) 1–14 44 47.8 23.8 54.9 0.012 50.0 44.1 1 1
15–30 48 52.2 76.2 45.1 50.0 55.9 1.27 0.54 2.96 0.59 0.85 0.28 2.55 0.78
Companionship alone 12 13.2 9.5 14.3 0.73 19.3 2.9 1
with company 79 86.8 90.5 85.7 80.7 97.1 7.89 0.97 64.14 0.053
Diarrhoea previous travel no 44 48.3 38.1 51.4 0.48 50.9 44.1 1
yes, once 26 28.6 38.1 25.7 29.8 26.5 1.02 0.37 2.84 0.55
yes, several times 21 23.1 23.8 22.9 19.3 29.4 1.76 0.61 5.07
Diarrhoea of travel companion yes 36 40.0 50.0 37.2 0.30 24.1 58.3 4.42 1.78 10.97 0.001 4.10 1.55 10.87 0.005
Washing/disinfection of hands always 24 26.4 19.1 28.6 0.57 24.6 29.4 1.28 0.49 3.32 0.61
Food from high-class restaurant yes 82 89.1 71.4 94.4 0.008 91.4 85.3 0.55 0.15 2.05 0.37
Food from the street yes 41 44.6 81.0 33.8 <0.001 44.8 44.1 0.97 0.41 2.28 0.95
Ice cubes yes 27 29.4 19.1 32.4 0.29 25.9 35.3 1.56 0.63 3.91 0.34
Travel style backpacking 21 22.8 — — — 13.8 38.2 3.87 1.40 10.70 0.009 4.43 1.25 15.75 0.022
luxury/middle-class 71 77.2 — — 86.2 61.8 1 1
OR-Odds ratio, CI-conﬁdence interval, TD-traveller’s diarrhoea, ORs were obtained using logistic regression.
aChi-squared or Fisher’s exact test as appropriate.
bWald test or likelihood ratio test as appropriate.
cAdjusted for travel style, age, travel duration, diarrhoea of travel companion.
dOther including Germany (n = 13), Italy (n = 3), Finland (n = 1), Hungary (n = 2), Uruguay (n = 1), Japan (n = 1), Colombia (n = 1).
eOther including Germany (n = 16), Denmark (n = 1), Macedonia (n = 1), Italy (n = 3), Peru (n = 1), England (n = 1), Serbia (n = 1), Finland (n = 1), Hungary (n = 2), India (n = 1), Portugal (n = 1), Uruguay (n = 1), Bahrain (n = 1), Japan (n = 1),
Columbia (n = 1).
fPre-existing disease including cardiovascular disease (n = 7), psychiatric disease (n = 5), irritable bowel syndrome (n = 1), hypothyroidism (n = 1), vitiligo (n = 1), st. p. hepatitis A (n = 1), st. p. jaundice of unknown aetiology (n = 1), st. p. pulmonary
embolism (n = 1), st. p. breast cancer (n = 1), benign prostate hyperplasia (n = 1).
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676.e3 Clinical Microbiology and Infection, Volume 21 Number 7, July 2015 CMIstudy showed that clients from our Travel Clinic predominantly
travel at middle/high standards [7].
Chi-squared and Fisher’s exact tests were used to compare
proportions. Wilcoxon–Mann–Whitney tests were applied to
compare medians. In multivariate regression only the ﬁrst TD
episode was considered; age and trip duration were included as
a priori confounders. In persons with TD, consumed foods/
beverages were considered as risk factors if they were
consumed before diarrhoea onset. Overall p-values were ob-
tained using likelihood-ratio tests. Data were analysed with
Stata 13 (StataCorp LP, College Station, Texas, USA).
Participants were categorised as luxury/middle-class travel-
lers if they stayed mostly at 3-star hotels according to their
information. TD was deﬁned as the passage of three or more
loose/liquid stools per day during the trip or more frequent
passage than normal for the individual.ResultsIn all, 139 individuals (37 backpackers and 102 luxury/middle-
class travellers) were enrolled into the study; 92 (66%)TABLE 2. Diarrhoea attack rates and speciﬁcations of traveller’s d
All
(n [ 34)
n %
Diarrhoea attack rates 34 37.0
Diarrhoea episodes (n) 1 30 88.2
2 4 11.8
Diarrhoea date of onset (days after departure)b 1–10 19 57.6
>10 14 42.4
Diarrhoea duration <6 h 11 32.4
6–12 h 5 14.7
13–24 h 5 14.7
1–7 days 12 35.3
8 days 1 2.9
Diarrhoea amount few 9 27.3
voluminous 24 72.7
Diarrhoea colour bright 15 46.8
yellow 6 18.8
dark 11 34.4
Diarrhoea smell none/normal 19 59.4
foul-smelling 13 40.6
Diarrhoea type watery 27 81.8
mucous 6 18.2
bloody 0 0.0
Other symptoms none 13 38.2
abdominal cramps 14 41.2
fever 2 5.9
vomiting 3 8.8
others 2 5.9
Severity of diarrhoea mildc 13 38.2
classicd 21 61.8
Daily activities impaired no 28 82.4
yes 6 17.6
Diarrhoea drugs none/alternative 13 38.3
loperamide 20 58.8
antibiotics 1 2.9
aChi-squared or Fisher’s exact test as appropriate.
bDichotomized at the median onset day of traveller’s diarrhoea. Distributions are not exactly
on the 10th day.
cNo other symptoms.
dWith symptoms, symptoms including nausea, abdominal pain/cramps, fever.
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectcompleted the study. Demographics and travel patterns did not
differ signiﬁcantly between those completing the study and
those being lost-to-follow-up, apart from lost-to-follow-up
travellers being younger. Seventy-one (77%) individuals were
classiﬁed as luxury/middle-class and 21 (23%) were classiﬁed as
backpackers. The two groups were comparable regarding
health characteristics and demographics except for age; addi-
tionally backpackers travelled for longer time periods (Table 1).
The consumption of none of the pre-speciﬁed food items or
beverages differed signiﬁcantly between the two groups, with
the exception of “street food” and “food from high-class-res-
taurants” (Table 1).
Thirty-four travellers (37%) suffered from TD, four travel-
lers suffered from two episodes. In luxury/middle-class travel-
lers, median TD onset was on day 7 (range 3–18) and in
backpackers on day 14 (range 2–22, p 0.028). A majority re-
ported additional symptoms (Table 2).
Neither gender, age, trip duration nor TD history was
associated with TD development. A travel companion was also
affected by diarrhoea in 62% of individuals who developed TD,
compared with 27% in travellers without TD. Neither hand
washing/disinfection, eating street food nor any of the reportediarrhoea according to travel style
Backpacking (n [ 13), % Luxury/middle-class (n [ 21), % pa
61.9 29.6 0.007
92.3 85.7 0.10
7.7 14.3
33.3 71.4 0.039
66.7 28.6
46.1 23.8 0.15
0.0 23.8
7.7 19.1
38.5 33.3
7.7 0.0
15.4 35.0 0.26
84.6 65.0
38.5 52.6 0.57
15.4 21.1
46.1 26.3
38.5 73.7 0.046
61.5 26.3
84.6 80.0 0.10
15.4 20.0
0.0 0.0
30.8 42.9 0.41
53.8 33.3
0.0 9.5
15.4 4.8
0.0 9.5
30.8 42.9 0.48
69.2 57.1
92.3 76.2 0.37
7.7 23.8
23.1 47.6 0.21
76.9 47.6
0.0 4.8
equal above and below the median as several travellers developed travellers’ diarrhoea
ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 676.e1–676.e4
CMI Schindler et al. Travel style: a risk factor for diarrhoea 676.e4foods/beverages consumed during the trip signiﬁcantly inﬂu-
enced TD occurrence (Table 1).
Attack rates for TD were higher in backpackers (62%)
compared with luxury/middle-class travellers (30%, crude OR
3.87, p 0.009, Table 1).
The association between travel style and TD development
remained strong in multivariate analysis (adjusted OR 4.43, p
0.022, Table 2). Apart from travel style, companions’ diarrhoea
was independently associated with TD (adjusted OR 4.10, p
0.005).DiscussionThis is the ﬁrst prospective cohort study analysing TD risk in
luxury/middle-class travellers compared with low-budget trav-
ellers to India. With 37%, TD attack rates were higher
compared with recent ﬁndings [6] and they were substantially
higher in backpackers than in luxury/middle-class travellers.
Although street food has been shown to be a source of
enteropathogens [8,9], in our study, its consumption as well as
the consumption of other foods/beverages was not associated
with a higher TD risk. However, associations might have been
missed because of a lack of power.
Longer trip duration in low-budget travellers did not explain
the higher attack rates in this group because trip duration was
not associated with TD occurrence and in multivariate analysis
attack rates remained strikingly higher in backpackers.
Our results point in the same direction as studies from Ja-
maica and Tunisia, where hotel choice, but not individual hy-
giene measures had a substantial inﬂuence on TD development
[3,5].
One potential explanation for travel style being a main TD
risk factor is that diarrhoeal pathogens are not only present in
food but are ubiquitous in the environment [10]. One may
hypothesize that hotel rooms are more often cleaned/dis-
infected in high-standard than in low-budget accommodations,
hence pathogen concentration may be reduced.
A study limitation is the rather small sample size and a
relatively high percentage of participants being lost-to-follow-up
(47/139, 34%).
This study shows that the overall travel pattern, i.e.
backpacking/low-budget travelling appears to be a considerably
more important risk factor for TD development than speciﬁc
foods/beverages consumed or avoided during a trip.Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InContribution to AuthorshipSB, CH and VMS designed the study. SB, CH, VKJ, VMS and LH
conducted the analysis and drafted the paper; all authors
interpreted the data, revised the paper critically for intellectual
content and read and approved the ﬁnal version.Transparency declarationThis work received no funding and there are no conﬂicts of
interest.AcknowledgementsWe thank all travellers for participating in this study and the
consulting physicians for enrolling participants.References[1] Shlim DR. Looking for evidence that personal hygiene precautions
prevent traveler’s diarrhea. Clin Infect Dis 2005;41:531–5.
[2] Steffen R, Tornieporth N, Clemens S-AC, Chatterjee S, Cavalcanti A-
M, Collard F, et al. Epidemiology of travelers’ diarrhea: details of a
global survey. J Travel Med 2004;11:231–7.
[3] Steffen R. Epidemiology of traveler’s diarrhea. Clin Infect Dis 2005;41:
536–40.
[4] Kozicki M, Steffen R, Schär M. “Boil it, cook it, peel it or forget it”: does
this rule prevent travellers’ diarrhoea? Int J Epidemiol 1985;14:169–72.
[5] Ashley DVM, Walters C, Dockery-Brown C, McNab A, Ashley DEC.
Interventions to prevent and control food-borne diseases associated
with a reduction in traveler’s diarrhea in tourists to Jamaica. J Travel
Med 2002;11:364–7.
[6] Pitzurra R, Steffen R, Tschopp A, Mutsch M. Diarrhoea in a large
prospective cohort of European travellers to resource-limited desti-
nations. BMC Infect Dis 2010;10:231.
[7] Bühler S, Rüegg R, Steffen R, Hatz C, Jaeger VK. A proﬁle of trav-
elers—an analysis from a large Swiss travel clinic. J Travel Med
2014;21:324–31.
[8] Ericsson CD, Pickering LK, Sullivan P, DuPont HL. The role of location
of food consumption in the prevention of travelers’ diarrhea in Mexico.
Gastroenterology 1980;79:812–6.
[9] Mensah P, Yeboah-Manu D, Owusu-Darko K, Ablordey A. Street
foods in Accra, Ghana: how safe are they? Bull World Health Organ
2002;80:546–54.
[10] Echeverria P, Harrison BA, Tirapat C, McFarland A. Flies as a source of
enteric pathogens in a rural village in Thailand. Appl Environ Microbiol
1983;46:32–6.fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 676.e1–676.e4
